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Abstract: Fe-based amorphous alloys with ductility were synthesized using the commercial cast iron QT50 (denoted as QT) with the
combining minor addition of B and A1 by single roller melt-spinning. The melt-spun (QT,-J3x)99AII(x is from 0.006wt% to O.Olwt%)
amorphous alloys exhibit onset crystallization temperatures and Curie temperatures of 759-780 and 629-642 K respectively, and which increase with B content. The amorphous ribbons are ductile and can be bent 180" without breaking. With the increase in B content
from 0.006wt% to O.Olwt%, the Vickers microhardness of the amorphous alloys increases from Hv 830 to Hv 1110. The effects of
the additional B and A1 elements on the glass forming ability and mechanical properties were also discussed.
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1. Introduction
Since the synthesis of amorphous Fe-P-C thin foils
by a rapid solidification technique in 1967 [l], a number of iron-based amorphous alloys have been developed and attracted great attention as new engineering
materials because of their high strength, good soft
magnetic properties and high corrosion resistance [281. However, most of the iron-based amorphous alloys
are produced by expensive high purity raw materials.
Therefore, developing novel amorphous alloys with
low cost of raw materials is expected for the widely
industrial application of this new type of materials. In
2000, the formation of amorphous alloys based on
commercial cast iron (FC20, defined by Japanese Industrial Standard, JIS) with minor addition of B was
reported [9]. Recently, it is found that the addition of
small amount of certain elements, usually <2at%, can
remarkably enhance the glass forming ability of alloys
in Fe-, Cu- and Zr-based systems etc. [3-4,lO-121,
which have attracted increasing interests as an effective approach to develop novel amorphous alloys.
In this study, by the combining addition of B and
A1 with a small amount to a commercial spherical
graphite cast iron QTSO defined by Chinese Standards,
the iron-based amorphous alloys were synthesized
with good mechanical properties. This paper intended
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to present the formation, crystallizing behavior,
mechanical properties as well as Curie temperatures of
the iron-based amorphous alloys. The effects of additional elements on the glass-fonning ability and
mechanical properties were also discussed.

2. Experimental
Commercial cast iron QT50 defined by Chinese
Standards (GB) was used as the based alloy, denoted
as QT in this paper. The QT nominally consists of C,
Si, Mn, P and S shown in Table 1, and balanced Fe.
Master alloy ingots with nominal compositions of
QTlocr,B, (x is from 0.6wt% to 2.0wt%),
(x is form 0.006wt% to O.Olwt%) and
(QT1-xBx)99All
QT,,Al,
(x is from 0.6wt% to l.Owt%) were prepared by arc melting the mixtures of the cast iron
QT50, pure B (99.99wt%) and A1 (99.99wt%) in a Tigettered high-purity argon atmosphere. From the ingots, rapidly solidified ribbons with a thickness of
about 0.02 mm and a width of 0.6-0.8 mm were produced by a single roller melt-spinning technique in an
argon atmosphere. The structure of the ribbons was
examined by X-ray diffraction (XRD) using a CuK,
radiation. Thermal stability of the amorphous alloys
was studied by differential scanning calorimetry (DSC)
at a heating rate of 0.33 Us.Ribbons that can be bent
180" without failure were characterized as ductile.
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The surface morphology of the bent fractured samples
was observed by scanning electron microscopy (SEM).
The hardness was also measured with a Vickers mi-
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crohardness tester under a load of 245mN at a room
temperature.

Table l. Nominal contents of C, Si, Mn, P and S in cast iron QT50
Content
wt%

C
3.7 1

at%

14.80

Si
2.37
4.06

3. Results and discussion
Fig. 1 shows the X-ray diffraction patterns of meltspun QT,,,B,
(x=0.6wt%, 0.7wt%. 0.8wt%, and
l.Owt%), which exhibit a main principal halo and a
diffraction crystalline peak corresponding to a-Fe
phase. This indicates that the melt-spun QT,,B,
alloys consist of an amorphous phase containing a-Fe
phase, although the intensity of the crystalline peak
decreases with the increase in B content. The structure
of melt-spun QTIm,B, alloys with B content up to
2wt% was also examined and a peak of a-Fe was still
recognized on the XRD patterns. It is indicated that
the minor addition of B element was not effective on
the vitrifaction of the cast iron QT50. Experiments also demonstrated that the alloys QT,,,,Al,
with the
addition of 0.5wt%-3.0wt% A1 could not be produced
in a ribbon form by the melt spinning technique, and
the obtained shatters consisted of amorphous and
crystalline phases according to their XRD patterns.
The combining addition of B and A1 on vitrifaction of
the cast iron QT50 was further examined. Consequently, the formation of (QTI-xBx)99AlI(x is from
0.006wt% to O.Olwt%) amorphous alloys was
achieved. Fig. 2 shows the X-ray diffraction patterns
of the melt-spun (QT1-xBx)99A11
(x is from 0.006wt%
to 0.01wt%) alloys. No crystalline peaks can be seen
in the XRD patterns, indicating the presence of a
single amorphous phase.
DSC curves of melt-spun (QTI-xBx)99AlI(x is from
0.006wt% to O.Olwt%) alloys are shown in Fig. 3.
Neither prominent glass transition temperature nor supercooled liquid region can be detected on the DSC
curves. Upon further heating, two distinct exothermic
peaks marked with Tpland Tp2are appeared, indicating
the crystallization behavior of the amorphous alloys
through the multiple stages. With the increase in B
content from 0.6wt% to lwt%, the onset temperature
(T,) and peak temperature of the first and the second
crystallization peak increase gradually from 759 to
780 K, and from 768 to 791 K, respectively. In addition to the exothermic peaks, a weak endothermic
peak in the lower temperature range on each DSC
curve can also be seen. The endothermic peak tem-

Mn

P

S

0.41

0.11

0.018

0.36

0.17

0.030

peratures correspond to the Curie temperatures (T,) of
the amorphous alloys, which increase from 629 to 642
K with the increase in B content.
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Fig. 1. X-ray diffraction patterns of melt-spun QT,,,B,
is from 0.6wt%to l.Owt%)alloys.

(x

It has been proposed that alloying elements with
different atomic radii and strong interactions enhance
the formation and stability of amorphous alloys [ 13141. Based on Mg-, Ln-, Zr-, Pd- and Fe-based alloy
systems with high glass-forming ability, the existence
of empirical composition criteria for the achievement
of high glass-forming ability for metallic alloys has
been noticed as follows: (1) the multi-component
system consisting of more than three elements, (2)
significant difference in the atomic size ratio above
about 12% among the main constituent elements, and
(3) suitable negative heats of mixing among their elements [15]. Fe-C and Fe-C-Si alloys show poor glassforming ability and could not be prepared to be amorphous by melt spinning. This is mainly attributed to
the non-satisfaction of the chemical bonding factor,
because the main Fe-C pair has a large positive heat of

J. Univ. Sci. Technol. BeQing, Vo1.14, Suppl. 1, Jun 2007

48

mixing [16]. In the present study, the combining addition of B and A1 results in vitrifaction of the cast iron
QT50 that mainly consisting of Fe, C and Si, the
origin for which could be considered in the framework
of the empirical composition criteria. The addition of
B and A1 to the cast iron leads to the formation of a
multi-component alloy system Fe-C-Si-B-Al, in which
the atomic pairs of Fe-B and Fe-A1 with strongly
negative heat of mixing generate [16]. The coexistence of these strongly interactive atomic pairs decreases the atomic diffusivity and increases the viscosity of the supercooled liquid, leading to the increase in thermal stability against crystallization.
Moreover, from the view of atomic size, the addition
of A1 and B causes more differing atomic size with the
sequence Al>Fe>Si>B>C [171. Therefore, the combining addition of B and A1 to the cast iron QT50
leading to the satisfaction of the empirical composition criteria is effective on the improvement of glassforming ability.
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Fig. 2.
X-ray diffraction patterns of melt-spun
(QT,-xB,),Al, (x is from 0.006wt% to O.Olwt%)alloys.

I
30

I

40

The (QT1-xBx)99A11(x is from 0.006wt% to
0.01wt%) amorphous alloys exhibit good ductility.
The amorphous ribbons could be bent 180" without
breaking. Characteristic SEM images of bent
(QTI-xBx)99A11
amorphous ribbons are shown in Fig. 4.
The alloy exhibits plastic deformation with heterogeneous and localized flow together with intense shear
bands, implying ductile feature of the (QTI~xB,),,All
amorphous alloys [ 181. Vickers microhardnesses of
the amorphous (QT1-xBx)99All
( x is from 0.006wt% to
O.Olwt%) alloys are measured to be in the range of Hv
830-Hv 1110, as shown in Fig. 5. It is also seen that
the Vickers microhardness increases with the increase
in B content. This change tendency in hardness of the
amorphous alloys could be associated to the strong
interactions between Fe and B atoms. Moreover, the
small size of B is beneficial to the formation of a more
densely packed amorphous structure [ 191, which also
makes the alloy denser and harder.
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Fig. 3. DSC curves of melt-spun (QTI-xBx)9&,(x is from
0.006wt%to O.Olwt %) amorphous alloys.

amorphous ribbon bent 180": (a) lower magnificationimage; (b)
Fig. 4. SEM images of the melt-spun (QT0,992B0.008)9&ll
higher magnification image of the region A in (a) ;(c) higher magnificationimage of the region B in (a).
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Fig. 5. Vickers microhardness of (QT501,B,)~ll (x is
from 0.006wt% to O.Olwt%) amorphous alloys.

4. Conclusions
By the combining addition of B and A1 with a small
amount to the cast iron QT, iron-based amorphous alloys (QT,,Bx),,A1, (x is from 0.006wt% to O.Olwt%)
were synthesized. The Curie temperature and crystallization temperature of the amorphous alloys are in the
ranges of 629-642 K and 759-780 K, respectively, and
increase with the increase in B content. The amorphous alloys exhibit ductility, and the Vickers hardness is of Hv 830-Hv 1170 and increases with B content.
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